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Referat:
The  presented  work  is  concerned  with  the  development  and  application  of  an 
ultrasonic detection scheme suitable for the monitoring of muscle dynamics with high 
temporal  -  down to  5 µs -  and spatial  resolution -  down to  0.78 µm. A differential 
detection scheme has been developed to  monitor  the variations of  the velocity  of  
longitudinal polarized ultrasound waves travelling in contracting and relaxing muscle, 
compensating  for  variations  of  the  path  length  by  referencing  to  a  frame.  The 
observed  time  dependent  variations  of  the  time-of-flight  of  the  ultrasonic  waves 
caused by  variations  in  the  muscle  and in  addition  by minor  deformations of  the  
enclosure  are  detected  each  separately  and  synchronously  and  are  evaluated 
differentially.  Beside of  the detected increase of  the speed of  sound observed for 
contracted muscle with respect to the relaxed state of about 0.6%, the recovery time 
from  maximum  isometric  contraction  is  quantified  and  relaxation  processes  are 
observed for the recovery phase following the isometric contraction. The developed 
ultrasonic calliper was employed to monitor both, the brain controlled and externally 
excited muscle dynamics with sampling intervals down to 10 ms synchronously with 
signals relating to the excitation.  Monitored are the activation, hold,  and relaxation 
phase for maximum voluntary isometric contraction of the gastrocnemius muscle. A so 
far  not  reported  post  tetanus overshoot  and subsequent  exponential  recovery  are 
observed. Both are attributed to the muscle as suggested by combined monitoring 
with EMG and are modelled with a lumped mechanical circuit containing an idealized 
bidirectional  linear  motor  unit,  ratchet,  damper,  and  springs.  Both,  the  rapid 
contraction and relaxation phases require a high order filter or alternatively a kernel 
filter, attributed to the nerve system as suggested by external electric stimulation. The 
respective response function is modelled by an electrical lumped circuit. Together with 
a reaction time and occasionally observed droops in the hold phase, both adjusted 
empirically,  the  monitored  response  is  represented  in  close  approximation  by  the 
combined  electrical  and  mechanical  lumped  circuits.  The  respectively  determined 
model  parameters  provide  a  refined  evaluation  scheme  for  the  performance  of 
monitored  athletes.  Valuable  parameters  relate  to  the  latent  period,  the  muscle 
response time, the activation and deactivation dynamics, a possible droop and other 
instabilities of  the hold phase, and parameters characterizing the relaxation phase 
including the observed post tetanus overshoot and subsequent contraction. Monitored 
and modelled are also the different processes involved in active muscle dynamics 
including isotonic, isometric, and eccentric contraction or stretching. The developed 
technology provides time sequential observation of these processes and registration 
of their path in the extension and force parameter space. Under suitable conditions the 
closed-loop  cycles  of  mind  controlled  human  muscle  movements  proceed  along 
characteristic  lines  coinciding  with  well  identifiable  elementary  processes.  The 
presentation of the monitored processes in the extension and force parameter space 
allows  the  determination  of  the  mechanical  energy  expenditure  for  the  observed 
different  muscle  actions.  An elementary  macroscopic  mechanical  model  has been 
developed, suitable to express the basic features of the monitored muscle dynamics. 
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